wise, affinity-purified anti-hSpc24 and anti-hSpc25 antiand xNuf2. Using both RNAi and antibody injection bodies recognize a single protein at 24 and 26 kDa in experiments, we have extended previous characterboth DLD-1 ( Figure 1B) and HeLa cell lysates (data not ization of the complex and found that Spc24 and Spc25 shown). are required not only to establish, but also to maintain Each complex member was immunoprecipitated from kinetochore-microtubule attachments and metaphase Xenopus egg extract, and the resulting precipitates were alignment. In addition, we show that Spc24 and Spc25 immunoblotted for each of the other proteins (Figure are required for chromosomal movement to the spin-1D). xNdc80, xNuf2, xSpc24, and xSpc25 were all found dle poles in anaphase.
Figure 1. xSpc24 and xSpc25 Form a Complex with xNdc80 and xNuf2 In Vivo and Localize to Kinetochores from Prometaphase through Anaphase
(A) Purification of the xNdc80 complex. Xenopus mitotic egg extract was fractionated sequentially over a Heparin-Agarose column, a Mono-Q column, and a Superose 6 gel-filtration column. Fractions from the Superose 6 column were precleared with control rabbit IgG beads prior to immunoprecipitation with anti-xNdc80 beads. Elutions from the xNdc80 complex were precipitated and run on a 4%-20% SDS-PAGE gel. Coomassie-stained proteins were excised from the gel, in gel trypsin digested, and identified by mass spectrometry. (B) Characterization of polyclonal antibodies generated against xSpc24, xSpc25, hSpc24, and hSpc25. Affinity-purified anti-xSpc24 and antixSpc25 antibodies recognize a single ‫42ف‬ and ‫62ف‬ kDa protein in Xenopus interphase egg extract (IE), respectively. Likewise, affinity-purified anti-hSpc24 and anti-hSpc25 antibodies recognize a single ‫42ف‬ and ‫62ف‬ kDa protein in DLD-1 cell lysates (DLD-1). (C) hSpc24 and hSpc25 are associated with the kinetochore from prometaphase through anaphase. Cycling DLD-1 cells were fixed and stained with mouse anti-tubulin antibody (green) and either anti-hSpc24 or anti-hSpc25 antibody (red), followed by the appropriate secondary antibodies. DNA was visualized by staining with Hoechst 33342 (blue). Cells at each stage of the cell cycle are displayed. Bar, 10 m. (D) Coimmunoprecipitation of xSpc24, xSpc25, xNuf2, and xNdc80 from Xenopus egg extracts. xNdc80, xNuf2, xSpc24, and xSpc25 were individually immunoprecipitated from Xenopus interphase egg extract (IE). The resulting supernatants and precipitates were immunoblotted for xNdc80, xNuf2, xSpc24, and xSpc25. A longer exposure of the xSpc24 immunoprecipitate was required to visualize all four proteins. Preimmune (Pre-I) sera controls did not precipitate any of the four proteins.
growing Xenopus S3 cells (data not shown) and human or hSpc25 by RNAi also significantly decreased the protein levels of hSpc25 or hSpc24, respectively. Most mi-DLD-1 cells ( Figure 1C ). Both Spc24 and Spc25 associated with kinetochores from prometaphase through totic cells in the transfected population exhibited hSpc24 or hSpc25 staining below the level of detection anaphase. Kinetochore localization was confirmed by costaining with anti-centromere antigen antibodies by immunofluorescence microscopy ( Figure 2D ). Cells transfected with hSpc24 or hSpc25 siRNA du-(data not shown). The level of either protein at the kinetochore did not significantly change from prometaphase plexes began to accumulate in mitosis by 26 hr posttransfection, and approximately 20% of the cells were through anaphase. This mitotic localization is identical to that of all metazoan Ndc80 and Nuf2 homologs [14] . 3C ). protein was also reduced on kinetochores after hSpc24 or hSpc25 knockdown, and its levels were not restored These microtubule bundles were resistant to detergent lysis in cold calcium buffer, which disassembles most by nocodazole treatment.
To study the immediate consequences of inhibiting microtubules, but preserves kinetochore-microtubule bundles and interdigitating pole-to-pole microtubule Spc24 and Spc25 in living cells, we microinjected antibodies into Xenopus S3 cells and followed them by timebundles ( Figure 4A ). In addition, a minority of cells in- 
